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M
yocardial perfusion scintigraphy (MPS) is a well
validated, non-invasive imaging technique that has
a valuable role in the diagnosis, management, and

assessment of prognosis of coronary heart disease (CHD). The
diagnostic accuracy of MPS allows reliable risk stratification
and guides the selection of patients for further interventions,
such as revascularisation. MPS also has particular advantages
over alternative techniques in the management of a number
of patient subgroups, including women, the elderly, and
those with diabetes. Increased use of MPS will improve
patient outcomes and be associated with greater cost
effectiveness of treatment, in terms of life-years saved,
particularly in these special patient groups. Currently,
however, access to MPS in the UK is limited, with
inappropriately long waiting times, and MPS activity levels
fall short of estimated need.

COST EFFECTIVENESS OF MYOCARDIAL PERFUSION
SCINTIGRAPHY
Principles of cost effectiveness
Several principles underlie why a more accurate diagnostic
test with additional prognostic information, such as MPS,
can be more cost effective even if it is more expensive than an
alternative test such as the exercise ECG (table 1).1

For example, fig 1 shows that when a patient with
presenting likelihood of CHD of 50% has an abnormal
exercise ECG the post-test likelihood of disease is 73%,
which is not sufficiently high to be confident of the diagnosis.
A subsequent abnormal MPS gives a likelihood of 96%, but if
the same patient had gone directly to MPS the post-test
likelihood would have been 90%, which should be sufficiently
high to diagnose the presence of CHD depending upon the
clinical circumstances.

Costs
True costs, reflecting consumption of resources, are difficult
to estimate. Some analyses of cost effectiveness have used
prices as a surrogate for cost, which may be valid from the
perspective of the referring clinician, but are less helpful from
the perspective of the National Health Service. Two studies
have estimated cost, one using UK figures2 and the other US

figures,3 but the findings are similar at £220 in the UK and
£179 (range £159–348) in the USA (table 2). These costings
are sensitive to throughput. A reasonable throughput per
camera is 2000 patients per year, but this can be increased to
as much as 4000 in high volume centres by running the
camera 12 hours per day and six days per week.

Cost effectiveness of MPS
Although randomised controlled and blinded trials are often
used to evaluate the cost effectiveness of treatment, this
study design is difficult or impossible in the case of diagnostic
testing. However, some data have been derived from decision
analytical models and these have demonstrated the cost
effectiveness of MPS both in patients presenting with stable
chest pain syndromes5 and in pre-operative risk assessment.6

Garber and colleagues showed that in 55 year old men
presenting with chest pain, a strategy of MPS proceeding to
angiography compared with exercise ECG proceeding to
angiography cost £25 000 per quality adjusted life year
(QALY),7 a figure that is generally regarded as acceptable.8

The benefit of MPS would have been even greater if a more
realistic model had been used, since it was assumed that all
patients with disease proceed to angiography, whereas, as
demonstrated above, it is possible to treat low risk patients
with CHD without the need for angiography. Patterson and
colleagues also found initial testing with MPS to be more cost

Abbreviations: CHD, coronary heart disease; END, economics of non-
invasive diagnosis; MPS, myocardial perfusion scintigraphy; QALY,
quality adjusted life year

Table 1 Principles of cost effective diagnosis and
management of coronary heart disease using myocardial
perfusion scintigraphy

l High sensitivity excludes disease more accurately and avoids the need
for a secondary test if a less accurate primary test is used.

l High sensitivity leads to fewer false negative tests and avoids the cost
of future events in undiagnosed patients with disease

l High specificity reduces the number of false positive tests and
consequent downstream testing

l Additional prognostic information avoids the need for further
prognostic testing and focuses high cost interventional care on
patients with advanced disease and with most to gain in terms of
clinical outcome

Figure 1 Pre-and post-test likelihood of CHD calculated using Bayesian
principles for the exercise ECG and MPS, using sensitivities of 68% and
92%, respectively, and specificities of 77% and 88%, respectively. The
curved lines from top to bottom represent MPS+, ECG+, ECG2 and
MPS2.
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effective than the exercise ECG, although again the model
assumed that all patients with disease undergo angiography.9

Kuntz and colleagues found a higher incremental cost
effectiveness of initial MPS over the exercise ECG of
£34 250 in a 55 year old man with atypical chest pain, but
they used an unrealistically low specificity of 64% for MPS
and again assumed that all patients with disease undergo
angiography.4 It would be valuable to repeat these models
assuming that patients with abnormal but low risk non-
invasive tests are treated medically in the first instance, since
the prognostic power of MPS is likely to lead to even greater
cost effectiveness.
Interpretation of these numbers should be placed in the

context of other generally accepted medical interventions.
For example, coronary artery bypass grafting for patients
with triple vessel coronary artery disease and severely
impaired left ventricular function costs £25 500 per QALY
gained,10 and cholesterol lowering therapy in a 60 year old
man with cholesterol of 7.5 mmol/l costs approximately
£30 000 per QALY.11 Thus, MPS appears to be a cost effective
use of resources compared with other generally accepted
medical procedures.
Mathematical simulations have the advantage of using

data from diverse sources or from expert opinion, but they
are limited by a lack of real world effectiveness data.
However, two controlled clinical studies have demonstrated

savings for similar outcomes using MPS in patients present-
ing with chest pain. The economics of myocardial perfusion
imaging in Europe (EMPIRE) study compared patients
presenting with stable chest pain syndromes to centres that
routinely use MPS and those that do not, in each of four
European countries.2 Diagnostic strategies using MPS were
cheaper and equally effective than those that did not, both
for the costs of diagnosis and for overall two year manage-
ment costs, but patient outcome was the same (fig 2).
The economics of non-invasive diagnosis (END) study was

a larger (11 372 patients) registry study with very similar
findings of 30–40% savings in costs over 2.5 years in patients
with stable chest pain syndromes undergoing initial MPS and
selective angiography (fig 3).12 An additional series of 9521
patients showed that MPS was more cost effective than stress
echocardiography in patients with known CHD and stable
chest pain at $39 347 per life-year saved.13 Unfortunately,
modelling studies have provided conflicting results on the
comparative cost effectiveness of strategies using MPS and
stress echocardiography4 14 and there are insufficient clinical
data to make a firm statement on this.
Other clinical studies indirectly support the cost effective-

ness of MPS. In a US practice making routine use of MPS the
number of patients with normal MPS proceeding to
angiography is 1%,15 whereas in a UK rapid access chest
pain clinic that makes little use of MPS, coronary angio-
graphy rates are high and 56% of coronary angiograms in
women are normal.16 It has been estimated that routine use

Table 2 Cost of common diagnostic tests calculated using principles that estimate the true
consumption of resources.2 3 Figures for stress echocardiography are estimated from
Medicare charges4

EMPIRE2 USA average3 USA range3

Rest ECG £20
Exercise ECG £70
Rest echocardiography £100 £55 £392£207

Stress echocardiography £1644 £1142£2134

Computed x ray tomography £172 £552£288
MPS £220 £179 £1592£348
MRI £529 £3182£739
PET £771 £5822£891
Coronary angiography £1100 £1097 £5162£2873

EMPIRE, economics of myocardial perfusion imaging in Europe; MRI, magnetic resonance imaging; MPS,
myocardial perfusion scintigraphy; PET, positron emission tomography.

Figure 2 Two year costs of diagnosis (dark grey) and management
(light grey) in patients without CHD but presenting with stable chest pain
syndromes, according to strategy of investigation and type of hospital.
The strategies of investigation are: (1) exECG-angio; (2) exECG-MPS-
angio; (3) MPS-angio; (4) angio. Angio, angiography; exECG, exercise
ECG; MPS, myocardial perfusion scintigraphy. MPS = regular user of
MPS; non-MPS = occasional user of MPS.2

Figure 3 Two and a half year costs of diagnosis (dark grey) and
management (light grey) in 11 372 patients presenting with stable chest
pain syndromes who underwent initial angiography or MPS with
selective angiography, according to low, intermediate or high pre-test
likelihood of CHD.12
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of MPS in this setting would reduce cost by between £30 000
and £65 000 per year, mainly by reducing the normal
coronary angiography rate.17 Similarly in the USA it has been
estimated that about one third of referrals to coronary
angiography are inappropriate.18

Clinical outcomes
Modelling studies indicate that clinical outcome is improved
by MPS at a cost per QALY that is acceptable and that life
expectancy is increased by between seven days and two
years.6 Because of the scale and nature of the studies that
would be required, it has been more difficult to confirm this
finding in clinical studies. However, in a reanalysis of the
END data,12 Shaw and colleagues have shown that testing
with initial MPS adds between one and two years of life,19

and in a separate study they showed that MPS added 0.5
years compared with stress echocardiography.13

CONCLUSION
MPS is a well established, non-invasive imaging technique
with a large body of evidence to support its effectiveness in
the diagnosis and management of angina and myocardial
infarction. It is more accurate than the exercise ECG in
detecting myocardial ischaemia and it is the single most
powerful technique for predicting future coronary events.
The high diagnostic accuracy of MPS allows reliable risk

stratification and guides the selection of patients for further
interventions, such as revascularisation. This in turn allows
more appropriate utilisation of resources, with the potential
for both improved clinical outcomes and greater cost
effectiveness. Evidence from modelling and observational
studies supports the enhanced cost effectiveness associated
with MPS use. In patients presenting with stable or acute
chest pain, strategies of investigation involving MPS are more
cost effective than those not using the technique. MPS also
has particular advantages over alternative techniques in the
management of a number of patient subgroups, including
women, the elderly, and those with diabetes, and its use will
have a favourable impact on cost effectiveness in these
groups.
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